ABSTRACT Two experiments were carried out in the laboratory to evaluate the effect of a formulation of the nuclear polyhedrosis virus (NPV) of the velvetbean caterpillar, Anticarsia gemmatalis Hü bner (AgNPV), on the predator Podisus nigrispinus Dallas. In the Þrst experiment, predators were exclusively fed A. gemmatalis reared on artiÞcial diet, treated with one formulation of the AgNPV (infected prey) or with water (healthy prey) as the control. In the second experiment, an additional treatment was incorporated in which the artiÞcial diet was treated with an inactive (autoclaved) AgNPV formulation. The predators were fed on these exclusive prey during their entire lifespans for three or four consecutive generations, during the Þrst and second experiment, respectively. Daily observation of oviposition and mortality were performed to provide data for the construction of fertility life tables and to determine daily oviposition patterns and survival distribution curves. For both experiments, no adverse effects were observed in the Þrst generation. However, signiÞcant effects in the predator population were observed throughout the subsequent generations, when the predators were fed with prey that fed on infective or inactivated AgNPV diet compared with the healthy prey. The adverse effects observed might be due to some inert components present in the commercial formulation, because the AgNPV has been demonstrated to be highly speciÞc to Lepidoptera and neither does it replicate nor has any adverse effect on P. nigrispinus. The fertility life tables proved to be a good tool to measure the potential impact of biopesticides on nontarget population under laboratory conditions. RESUMO Dois experimentos foram realizados em condiç õ es de laborató rio para avaliar o efeito de uma formulaç ão comercial de Vṍrus da Poliedrose Nuclear da lagarta da soja, Anticarsia gemmatalis Hü bner (AgNPV) na biologia de Podisus nigrispinus Dallas. No primeiro experimento, os predadores foram alimentados exclusivamente com A. gemmatalis criadas em dieta artiÞcial, tratada com uma formulaç ão de AgNPV (presa infectada) ou com água (presa sadia), como controle. No segundo experimento, foi incorporado um tratamento adicional no qual a dieta artiÞcial foi tratada com uma formulaç ão de AgNPV inativada (autoclavada). Os predadores foram alimentados com essas presas exclusivas durante toda a vida por trê s ou quatro geraç õ es consecutivas, durante o primeiro e o segundo experimentos, respectivamente. Observaç õ es diárias da oviposiç ão e mortalidade foram feitas para se obter dados para a construç ão de tabelas de vida de fertilidade e para determinar os padrõ es de oviposiç ão diária e distribuiç ão das curvas de sobrevivê ncia. Para ambos os experimentos, não foram observados efeitos adversos na primeira geraç ão. Contudo, efeitos signiÞcativos sobre a populaç ão do predador foram observados nas geraç õ es subsequentes nos tratamentos com AgNPV ativo e inativado, mas não com o controle. Os efeitos adversos observados poderiam ser atribuidos a componentes inertes presentes na formulaç ão comercial do biopesticida, uma vez que o AgNPV tem demonstrado ser altamente seguro a organismos não alvos e especiÞco para lepidopteros. As tabelas de vida mostraram ser uma boa ferramenta para se medir efeitos de biopesticidas sobre diversos parâmetros bioló gicos de populaç õ es de organismos não alvo.
. In Brazil and some other South American countries (Argentina, Chile, Paraguay and Uruguay), speciÞc regulations for microbial pesticide registration are very recent (Brasil 1997 , COSAVE 1997 . Therefore, there is a need to improve on the knowledge of the current methodologies and for developing new ones to establish protocols that can be used in the registration process.
Bioassays to evaluate the effects of biopesticides on beneÞcial nontarget insects are generally restricted to measuring mortality rates caused by pathogenicity or toxicity and changes in their predation or parasitism capacity (EPA 1989 , OECD 1995 . Sublethal effects such as elongation of developmental period, reduction in the number of eggs produced per female, and survival patterns are not considered in most of the tests, and can be evaluated by the construction of fertility life tables.
Complementary to life table analysis, daily oviposition pattern, survival distribution function and longevity are opportune and useful for the entire understanding of the insect population growth and survival patterns (Baars and Dijik 1984 , Wiedenmann and OÕNeil 1990 , Maia et al. 2000 .
In our study, we worked with one formulation of the nuclear polyhedrosis virus (NPV) of the velvetbean caterpillar, Anticarsia gemmatalis Hü bner (AgNPV), on the predator Podisus nigrispinus Dallas. p1 ϭ probability utilizing jackknife estimates of variances for comparison of uninfected prey parameters. p2 ϭ probability for comparison of inactivated diet and infected prey.
The velvetbean caterpillar is considered the most important and widespread defoliator of soybean in Brazil, and P. nigrispinus is considered one of the major predators of that pest in the soybean crops (Pollato 1990) . P. nigrispinus has been subject of intensive studies in Brazil as a biocontrol agent and is commonly produced in laboratories for the control of several lepidopteran pests in Brazil (Moscardi 1983 , Zanuncio et al. 1994 .
Research with the AgNPV has led to the wide scale use of this pathogen in Brazil, over an estimated 1,000,000 hectares of soybean Þelds annually (Moscardi 1998) . The AgNPV produces epizootics, which could lead to a preponderance of diseased prey for generalist predators, such as P. nigrispinus during the soybean season, and possibly for several generations of the predators.
The AgNPV has demonstrated to be highly speciÞc to Lepidoptera and to be safe to mammals and other nontarget organisms, including beneÞcial insects such as natural enemies (Abbas and Boucias 1984 , Young and Yearian 1987 , Pollato 1990 , Moscardi and SozaGomez 1992 . In fact, AgNPV was proved to be excreted in the feces of the predator P. maculiventris (ϭnigrispinus) over several days in the form of intact viable virus particles (Boucias et al. 1987 , Young and Yearian 1987 , Pollato 1990 , Moscardi et al, 1996 , and neither does it replicate nor has any adverse effect on the predator Boucias 1984, Young and Yearian 1987) . These predators are believed to play an important role in initiating epizootics and in maintaining and disseminating virus inoculum in soybean (Boucias et al. 1987 , Pollato 1990 , Fuxa and Richter 1994 , Fuxa et al. 1993 . The same results were observed by Biever et al. (1982) with adults of the pentatomid Podisus maculiventris (Say) and NPV of Trichoplusia ni (Hü bner), both in laboratory and in Þeld cages. However, none of these studies measured the effect of NPVs on the survivorship and reproduction of the predators. Also, they did not work with commercial formulation, but only with the dead infected larvae.
The objective of the current study was to determine whether a commercial formulation of AgNPV could adversely affect the population of the P. nigrispinus, fertility life tables were used to measure the potential impact under laboratory conditions.
Materials and Methods
The tests were carried out in the Entomology Laboratory of the Brazilian Agriculture Research Corporation (Embrapa-CNPMA, Jaguariú na, São Paulo) during 1995Ð1997.
Acquisition and Maintenance of Predators. The laboratory stock for the Þrst experiment was initiated with P. nigrispinus adults collected from soybean Þelds in the State of São Paulo, Brazil, in 1995. Subsequents collections were made during 1995 and 1997 and included in the colony to revitalize it.
The taxonomic identiÞcations were conducted by J. Grazia at Universidade Federal do Rio Grande do Sul, RS, Brazil, and voucher specimens of P. nigrispinus have been deposited in the Voucher Collection of the Quarantine Laboratory of Biological Control Agents at Embrapa Meio Ambiente Brazil (Tavares and De Nardo 1998) .
Adults of P. nigrispinus were reared in glass jars, (15 by 15 cm), each with a screen on the top. Sections of soybean pods and a piece of water-soaked cotton were placed in each jar as a feeding and oviposition substrate. The insects were maintained in laboratory conditions at 25 Ϯ 1ЊC, 70% RH, and a photoperiod of 14:10 (L:D) h. The soybean pods were replaced twice a week, and the old ones that contained eggs were transferred to separate jars for the further development of the insects and to maintain the colony.
Acquisition and Maintenance of Prey. The larvae of A. gemmatalis were taken from the rearing collection of Embrapa Meio Ambiente, Entomology Laboratory, where they were reared on a semiartiÞcial diet (Greene et al. 1976 modiÞed by Hoffmann-Campo et al. 1985 at 25 Ϯ 2ЊC, 70% RH, and a photoperiod of 14:10 (L:D) h. A. gemmatalis second instar (between three and 5 d after hatch) were taken from laboratory reared culture and transferred individually to plastic cups (50 ml) containing diet blocks coated with different treatments described below.
AgNPV Formulation. The AgNPV formulation used in the tests was supplied by Embrapa Soybean Research Center. It is a simple standardized formulation, wettable powder, obtained through air drying and milling of Kaolin-based AgNPV slurry, that contains other components besides the virus (Moscardi 1998) . It has been shown to provide adequate control of A. gemmatalis populations at dosages varying from 1.0 ϫ 10 11 to 2.0 ϫ 10 11 polyhedron inclusion bodies per hectare (Moscardi 1986) .
To obtain AgNPV-infected caterpillars, blocks of artiÞcial diet weighing Ϸ7.0 g, were coated (using a pippete) with 0.5 ml of a distilled water suspension of the viral formulation (containing 1.0 ϫ 10 9 AgNPV polyhedra/ml), which was offered to second-instar velvetbean caterpillars. We conducted two experiments at different times. The Þrst one was initiated in 4431 matalis fed on the AgNPV infected diet (infected prey) or with larvae of A. gemmatalis that fed on artiÞcial diet coated with 0.10 ml of distilled water (healthy prey), as a control of the experiment.
The second experiment was initiated in 1996, in which one more treatment, an inactivated suspension of the AgNPV was used to cover the diet block offered to the A. gemmatalis larvae (inactived prey). To inactivate the virus, a sample of the water suspension containing 1.0 ϫ 10 9 polyhedra/ml of AgNPV was autoclaved at 120ЊC for 20 min. The objective of this treatment was to test the effects of the inert substances contained in the commercial formulation on the P. nigrispinus population. For both experiments all the A. gemmatalis larvae were allowed to feed on the diet for 72 h, after which they were offered to P. nigrispinus nymphs as prey. The larvae which fed on the AgNPV infected diet were at the beginning stage of infection when offered to the predators.
A batch of P. nigrispinus eggs was collected from the rearing cages and put into several petri dishes containing a moistened Þlter paper at the bottom. After the nymphs hatched they were randomly divided into two or three groups of 50 nymphs (Þrst or second experiment respectively), which were placed in individual petri dishes (9.0 cm diameter) that contained a disk of moistened Þlter paper at the bottom.
In experiment I, one group received the AgNPV infected prey and the other an uninfected (healthy) prey. In experiment II, three groups of 50 nymphs received one of the three different treatments: (1) AgNPV infected prey, (2) inactivated AgNPV prey, or (3) healthy prey. The predators were fed daily with one larva of A. gemmatalis collected from the different treatments, until the predator reached the adult phase. At adulthood the sex of each predator was determined and couples were placed together for mating with individuals from the same treatment and were kept together until death. Eggs collected from these pairs were used to obtain the second generation, which received the same treatment as the parental group. In experiment I, three consecutive generations were formed and in the second experiment four generations were studied, following the same methodology.
In experiment I, the number of females followed were 20, 13, and 17 for the control treatment and 21, 12, and 4, for the infected treatment corresponding to Þrst, second, and third generations, respectively. For experiment II, four generations were formed but only three generations were evaluated and the number of females followed were 20, 23, and 11 (control treatment); 19, 19, and 7 (infected treatment) and 23, 18, and 7 (inactivated treatment), corresponding to Þrst, second and third generations respectively. All the experiments were carried out under 25 Ϯ 2ЊC, 70% RH, and a photoperiod of 14:10 (L:D) h.
Evaluations. Parameters evaluated in each generation were daily nymphal survivorship, duration of instars, longevity of adult, egg production, and sex ratio. The survival and fecundity data obtained during the experiments for each group and generations were condensed in life tables, following SouthwoodÕs methodology (Southwood 1980) . Life tables were constructed for three generations in experiment I and for two generations in experiment II. Based on the life table information, values of the following parameters were estimated: net reproductive rate (Ro); intrinsic rate of increase (Rm); Þnite rate of increase (), doubling time (DT) and mean generation time (MGT). These parameters and their respective variance were estimated using the Jackknife method (Meyer et al. 1986 ), using a SAS (SAS Institute 1989) program developed by Maia et al. 2000 . Percent mortality 50% (median) was determined and survival distribution curves were constructed for each treatment and each generation, according to Kaplan-Meier method (Kaplan and Meier 1958) . The survival curves were compared using log-rank tests as proposed by Mantel (1966) . The mortality data supplied the predator longevity studies.
The oviposition data were plotted against the female age for daily oviposition pattern studies to determine the preoviposition, oviposition and postoviposition periods.
Results

Fertility Life Tables.
For the Þrst generations of experiments I and II no signiÞcant differences were observed among treatments for all life table parameters estimated (Tables 1 and 2 ). However, signiÞcant differences were shown among the treatments in the second and third generations for both experiments.
In experiment I, second generation, the population of P. nigrispinus which fed on the infected treatment (infected prey) was adversely affected in all the life table parameters studied when compared with the predator population that fed on the control treatment (healthy prey) (Table 1) , leading to a decrease in the overall population. On the third generation the effects were more dramatic. Females failed to produce any offspring and so the life table parameters could only be determined for the population that fed on healthy prey (Table 1) .
In experiment II, second generation (Table 2) , we studied comparisons between infected and inactivated treatment and then compared both with control treatment (healthy prey). The population of P. nigrispinus that fed on A. gemmatalis prey that received infected or inactivated diet, had the majority of the life table parameters signiÞcantly affected compared with the control treatment. In both treatments the net reproduction rate (Ro) and the intrinsic rate of increase (Rm) estimated for females for P. nigrispinus were signiÞcantly lower than for the control (Table 2) .
Survival Distribution. The log-rank test revealed signiÞcant differences only in the third generation in both experiments (Tables 3 and 4) . In experiment I, P. nigrispinus females fed on the AgNPV infected prey died earlier with a median longevity (50% death rate) of 26.5 d old; whereas the females fed on healthy prey died at 34.5 d old. (Tables 5 and 6 , Fig. 1 ).
In experiment II, 50% death rate occurred at 31.5, 37.5, and 40.5 d, for infect, inactivated, and healthy treatments, respectively (Table 7 ; Fig. 3 ). In the experiment II, the longevity was also affected and the control females also lived signiÞcantly longer than to the ones fed on infected or inactivated prey (Table 8) .
Daily Oviposition. In experiment I, females fed infected or healthy prey did not differ signiÞcantly in the oviposition parameters in the Þrst and second generations (Fig. 2) , except that in the second generation the Þrst day of oviposition occurred signiÞcantly later (30.5 d old) for females fed infected larvae, than for females fed on healthy larvae (28.5 d old). In the third generation the females fed AgNPV-infected prey did not produce eggs (Table 6 ; Fig. 2E ), and so no treatment comparisons were made.
In experiment II, females of second generation fed inactived prey ended the oviposition period earlier (36.5 d old) than the females fed healthy prey (38.5 d old) or infected prey (32.5 d old) (Table 8 ; Fig. 3 ). For the third generation, the females fed inactivated and infected prey ended the oviposition period earlier (36.5 d old for the both) than the control females (39.5 d old) (Table 8 ; Fig. 3 ). Also the oviposition period was signiÞcantly shorter for females fed inactivated prey (4.0 d) and infected prey (5.0 d) than for the control females (9.0 d) (Table 8) .
Discussion
The results of this study showed that the AgNPV formulation did not affect the P. nigrispinus population in the Þrst generation, even when the predators fed on exclusive larvae of A. gemmatalis, reared on infected or unactivated AgNPV diet, during their whole life. However, adverse effects of the commercial formulation of the biopesticide began to appear in the second generation of P. nigrispinus, for both experiments, with increasing effects being observed through the con- secutive generations. The results observed in our experiment should not be related to the AgNPV partides because some of the effects were observed even with the AgNPV inactivated treatment. The cause for such effects could be related to some inert components present in the formulation or even also during the inactivation (autoclaving) process, it is possible that toxic by-products (chemical nature and composition unknown) were produced which could affect anyway the quality of the prey offered to P. nigrispinus.
According to the literature the development and performance of predatory insects can be affected depending on the type of prey they fed on (Stamp et al. 1991) . Many predators are better adapted to prey from which they can obtain better development and higher survival (Waddil and Shepard 1974, MacFarlene 1985) . P. nigrispinus has been reared continuously for biological control purpose using alternative prey such as larvae of Bombix mori L. (Lep., Bombicidae), Tenebrio molitor L. and Zophobas confusa (Coleoptera), Musca domestica L. (Dipt. Muscidae) (Zanuncio et al. 1994 and and on a meat-based artiÞcial diet (Saavedra et al. 1997) . Although all of these diets have been suitable for P. nigrispinus rearing, some differences have been observed on the duration of some instars. Using T. molitor as prey reduced the 5th instar of P. nigrispinus, which could be related to a bigger content of protein in T. molitor larvae (Southwood 1973) . Also, other substances can affect the nymphal development of predatory insects. Ol- Fig. 3 . Daily oviposition pattern of P. nigrispinus fed uninfected (healthy) prey (treatment ϭ 1), infected prey (treatment ϭ 2), and inactivated prey (treatment ϭ 3), in three consecutive generations (1, 2, 3). iveira et al. 2000, evaluated the effect of a sacarose and honey solution as an alternative to water supply. (Southwood 1973) . Even though no differences in weight and duration of the nymphal period were found between treatments, number of adults of P. nigrispinus was lower in the treatment with honey than with water.
The study reported here corresponds to the tier I tests recommended by the U.S. Environmental Protection Agency (EPA 1989-Guideline M) to evaluate the effects of a biopesticide on nontarget organisms using worst-case scenario. Because EPA has safety information about the majority of the inert components in a formulation, tests are required to be performed only with the puriÞed microorganism particles. In Brazil safety information about inert components of the pesticide formulations are not available for many products, and therefore, tests with the whole formulation are recommended. Our tests were set up to simulate the Þeld conditions in Brazil, where two or more generations of the predator can be produced during the soybean season and be exposed to the AgNPV infected larvae. Although under natural conditions the AgNPV present in the Þeld is low (around 10%), during the application of the AgNPV formulation to control A. gemmatalis, 100% of the larvae can be infected leading to a preponderancy of infected prey to P. nigrispinus (Moscardi 1998) . Laboratory results showed that P. nigrispinus does not distinguish between AgNPVinfected and noninfected A. gemmatalis larvae (E.A.B.N., unpublished data).
The results showed in our study may not reßect the actual impact of the AgNPV formulation on the population of P. nigrispinus in the Þeld because we worked in the worst-case scenario. P. nigrispinus were fed exclusively with larvae of A. gemmatalis during their entire lifespan. As a generalist predator, feeding on various prey (OÕNeil 1988a (OÕNeil , 1988b OÕNeil and Wiedenmann 1990) , P. nigrispinus could escape some or all of the effects of a full dependence on prey infected by AgNPV. As indicated by the EPA protocol, when a signiÞcative effect is observed in the Tier I tests, more elaborate tests (Tier II) are required under conditions that simulate those prevailing in the Þeld. Our results showed that life table parameters are good tools to evaluate the effects of a biopesticide on nontarget population. It can measure alterations on the population over time, as well as identify sublethal effects.
